The mid-latitude westerlies and South Asian Summer Monsoon (SASM) are two major atmospheric 12 circulation systems influencing the Tibetan Plateau (TP). We report a seven-year 13 (2007/2008-2013/2014) 
. The dominance of westerly flow during January contributes to spatial 89 features reflecting the latitudinal temperature distribution, while the dominance of the SASM during 90
July leads to isotopic depletion in the southeastern TP with deep monsoon convection. Thus large-scale 91 atmospheric circulation appears to be an important control on the spatial distribution of  18 O on the TP. 92
Under anticipated global changes, the atmospheric circulation over the TP is expected to change due to 93 expected variations in surface processes (snow cover, vegetation, permafrost variation), and 94 modulation of the sea surface temperatures (Wu and Zhang, 1998 changes will better elucidate the teleconnection between the large-scale atmospheric circulation 97 regimes and water vapor transport over the TP. Additionally, the use of paleoproxies such as ice cores, 98 lake sediment, tree rings and speleothem should facilitate the identification of extreme climatic phases 99 in the historical record (Rowley and Garzione, 2007) . 100
This research uses  18 Op as a bridge to link local processes with large-scale atmospheric 101 circulations, and thereby better elucidate the interactions between large-scale atmospheric circulation 102 regimes and local climate changes in the southeastern and northwestern TP. In many tropical regions 103 year-to-year monsoonal variations are affected by El Nino-Southern Oscillation (ENSO) (IPCC, 2013) . 104
And the westerly jets are closely related to the evolution of the Northern Annular Mode (NAM). So this 105 study focuses on the southeastern and northwestern parts of the TP to present for the first time the 106 stable isotopic composition in precipitation (including  18 Op and D) of 7-year continuous time series, 107 aiming to evaluate possible effects of large-scale atmospheric circulation such as ENSO and NAM on 108 moisture sources and atmospheric circulations over the southeastern and northwestern regions. This 109 study also presents a brief comparison of our field observations with available model outputs, to 110 quantify contributions of different moisture sources to local precipitation in different areas on the TP, 111
and to verify different roles of local recycling versus large-scale atmospheric circulations in 
18
O 112 variations. The unique dataset will enable the consideration of climate changes over the TP against the 113 large-scale atmospheric circulation scenario, and thus contribute to ground validation of general 114 circulation models equipped with stable isotopes. 115
Sampling and data processing 116
To investigate possible monsoon-westerlies interactions, this study reports a seven-year record 117 a.s.l.)) on the southeastern TP, and Taxkorgan (TX; 37º46′N, 75º16′E, 3100 m a.s.l.) and Bulunkou 119 (BLK; 38º39′N, 74º58′E, 3306 m a.s.l.) on the northwestern TP (Fig. 2) . A previous study confirmed 120 the BOB summer monsoon dominance over LL (Yang et al., 2012) . The two northwestern TP stations 121 are located in the mid-latitudes, where the westerly jet prevails throughout the year. The local 122 meteorological stations at these three sites collected precipitation for subsequent isotopic analyses. The 123 stations are equipped with a refrigerator and manned by staff who are trained observers and required to 124 be on duty-shifts covering 24 hours per day. Event-based precipitation amounts exceeding 0.1 mm is 125 first collected in a deep bucket, and then immediately poured in a 15 ml polyethylene bottle, 126 Temperature discussed in this paper is precipitation-synchronous local temperature, which is 138 slightly different from the daily averages. Because the composition of stable isotopes in precipitation is 139 directly influenced by the temperature during precipitation formation, the temperatures presented in the 140 study are more relevant for the interpretation. We refer to the quality control criteria for event 141 during July-August, while the most depleted values are irregularly distributed throughout the year (Fig.  171   3a) . 172 November-March, while the highest values occur irregularly over the year (Fig. 3b) shows high values with summer warmth during June-September and low values in other months ( Fig.  193 3d, e), while that at LL shows dramatic depletion at high temperature and precipitation amount during 194 summer ( Fig. 3f) , thus demonstrating remarkable inter-station and intra-seasonal differences. 195
variation of d excess 196

Deuterium-excess (d) is calculated as dD-8×
18 O. It is indicative of moisture sources and 197 transport processes (Froehlich et al., 2008) , and is closely affected by moisture source humidity, wind 198 speed and sea surface temperature (Clark and Fritz, 1997) . The monthly d-excess at the northwestern TP 199 stations has much larger amplitude than that at the southeastern TP station (Fig. 4) . In the northwestern 200 TP, d excesses are generally high during June-September, while low during January-April (Fig. 4a, b) . in the southeastern TP is also seasonally sensitive, with autumn as the only season at LL with 221 significant amount effect in this monsoon domain and featuring a  18 Op-P ratio as -0.06‰/mm (Fig.  222   5d) . 223
The d excess shows significant correlation with  18 Op at both BLK and LL during winter (DJF), 224 featuring a significant negative  18 Op-d correlation at BLK (Fig. 5b ) whereas a significant positive 225 correlation at LL (Fig. 5a ). Such diversity indicates distinct precipitation formation mechanisms at 226 those stations during winter, which will be discussed in the following section. 227
Despite the different climatic controls in the different seasons at these northwestern TP stations, d 228 excess values at TX and BLK in the northwestern TP show similar intra-seasonal variations (Fig. 4a, b) , 229 which form a contrast with that at LL in the southeastern TP (Fig. 4c) (Fig. 6) . Though both models underestimate the depletion extent of 246

18 Op in the southeastern TP, they simulate the variation amplitude of  18 Op in the northwestern TP and 247 the intra-seasonal variation in both regions fairly well (Fig. 6a, b) . The correlation coefficients of our 248 observed 
18
Op with simulations suggest a better performance of the nudged IsoGSM over the 249 southeastern region (Fig. 5a) , while a slightly higher sensitivity of the nudged LMDZ4 over the 250 northwestern TP (Fig. 5b) . 251
Besides 
Op in total precipitation,  18 O in other water bodies in respective models are also 252 available. Similar correlation approach, i.e., least-square linear regression, is therefore applied to 253 analyzing contributions of various water bodies to regional precipitation by comparing and correlating 254 the observed 
Op with isotopic compositions in various water bodies simulated. Those water bodies 255 include, in the IsoGSM, evaporate, river runoff, large-scale and convection precipitation, and total 256 column water vapor (Fig. 6c) . In addition, the LMDZ4 model simulation also produces 
O in snow, 257 soil and surface flux (Fig. 6d) . The  
Water vapor transport and correlation of 
18 Op with large-scale atmospheric circulation 270
The water vapor loaded by the westerly wind split into two branches to the west of the TP in all 271 seasons but summer (Fig. 7) . In summer (JJA), the prevailing westerly moisture supply dramatically 272 weakens over the southern TP (Fig. 7 a3 and b3 ). This is accompanied by a clear intensification of the 273 southwesterly originating from the Indian Ocean (IO), and a noticeable change in the large-scale water 274 vapor transport to the northwestern TP, featured by a significant northward shift of water vapor 275 transport over central Asia and formation of a northwesterly trajectory to the northwestern TP (Fig.  276   7a3) . 277
The correlation of vertically integrated water vapor flux with  18 Op anomalies in the northwestern 278 TP shows seasonally distinct features that are not clearly coincident with the water vapor flux over the 279 region (Fig. 7 a1-4) . Winter shows significant positive correlation of  18 Op anomalies in the 280 northwestern TP with water vapor along the moisture trajectory, i.e. from the eastern Atlantic, 281 overpassing the Mediterranean Sea and over the northwestern TP. This implies the dominance of 282 westerly over winter precipitation in the region (Fig. 7 a1) . In other seasons,  18 Op anomalies in the 283 northwest show significant positive correlation with water vapor flux over the equatorial IO and/or the 284 BOB (Fig. 7 a2-4) . As contemporary water vapor transport fails to show any southerly supply to the 285 region, this suggests possible tele-connection between the westerly jet and the tropical forcing, which is 286 associated with the northward retreat of the westerly jet with the SASM intensification. With the 287 northward propagation of the SASM influence, the large-scale circulation imposed by the mid-latitude 288 westerly over the northwestern region yields to local evaporation and continental recycling. 289
The spatial distribution of the correlation map of vertically integrated water vapor divergence with 290  18 Op anomalies over the southeastern TP closely follows the prevailing moisture flux (Fig. 7 b1-4) . 
12
The strongly positively correlated area shifts from the southwestern TP during DJF (Fig.7 b1) to the 292 Arabian Sea (AS) during MAM (Fig. 7 b2) , which might be associated with the prevalence of 293 mid-latitude westerly during winter while the southward shift of the westerly over and contemporary 294 increase of the oceanic evaporation from the AS during spring. The evolution of the SASM results in 295 shifting of the most closely correlated area from the western region to the equatorial IO during JJA (Fig.  296   7 b3) , and from the far western IO to the nearby central and eastern IO during SON (Fig. 7 b4) . The 297 integrated study of correlation map with large-scale atmospheric water vapor flux thus suggests the 298 southeastern TP as mainly supplied by convective precipitation from local processes during DJF and 299 MAM, while by large-scale precipitation from tropical oceans during JJA and SON. 300
Isotopic signal of large-scale atmospheric circulation effect 301
As aforementioned, both the southeastern and northwestern TP are influenced by the 302 southwesterly, which is consistent with the prevalence of the NAM in the mid-latitude in the northern 303
hemisphere. Under the global climate change scenario, changes of the circulation trajectory and 304 intensity associated with NAM evolution affect moisture supply in different parts of the TP, thus likely 305 to leave "footprints" in the isotopic ratio in precipitation in those regions. Moisture borne by the 306 southwesterly originates mainly from the eastern Atlantic and Eurasia for the northwestern TP, while 307 from the tropical oceanic area for the southeastern TP, which explains the general lower d excess values 308 in the northwestern TP than the southeastern TP (Table 2) our data allows a preliminary study of possible ENSO influence on the region, as its sampling period 313 includes 12 months with ENSO warm phase, and 30 months with ENSO cold phase. 314
Modeling after the division in the ENSO influence study using Niño 3 SST anomalies and a 315 threshold of ±0.5, the study period is also divided into highly positive (referred to as high NAM)and 316 negative phases (referred to as low NAM) using the AO index and a threshold of ±1. Study of 317 composites shows distinct meteorological water lines and climatic controls during various NAM and 318
ENSO phases (Table 2). The D-
18 O slopes are generally lower in the northwestern (slope<8) than the 319
southeastern TP (slope>8). A D-
18 O slope below 8 is usually associated with evaporation during 320 precipitation, which is common for precipitation in the continental semi-arid region (Clark and Fritz, 321 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016-876, 2016 Manuscript under review for journal Atmos. Chem. Phys. (Table 2) , as evaporation increases the d excess (Froehlich et al., 2008) . 337
This d value is similar to the global average (10‰; Rozanski et al., 1992; Dansgaard, 1964 ) that is 338 suggestive of equilibrium fractionation, thereby implying the water vapor as mainly originated from 339 within the region and precipitation formed in a closed cloud system. 340
Another noticeable composite period is the ENSO warm phase, when the northwestern TP shows 341 dramatic decrease of the d-excess (-5.2‰) from its average value (4.2‰), in addition to the significant 342 decrease of both the D- 18 O slope (7.35) and intercept from the average status (Table 2) Op intercept from Low NAM to ENSO cold phase is believed to be 360 associated with changes at the moisture sources as from warmer (more humid) to cooler (less humid) 361 locations from low NAM to ENSO cold period (Fig 7) . This, together with water vapor transport and 362 difference from long-term average, will be discussed in the next section. 363 
northwestern TP 370
The monthly average status during the past 8 years (Jan 2007-Dec 2014) shows northwestern and 371 southeastern TP as both affected by noticeable water vapor convergence, with a wider coverage and 372 more intensity over the southeastern part (Fig. 8a ). This coincides with the much higher humidity in the 373 southeastern than the northwestern TP. The difference of vertically integrated water vapor flux and 374 divergence during selected ENSO and NAM phases from average is more noticeable in the 375 southeastern TP than the northwestern region, suggesting more sensitive response of the southeastern 376 than the northwestern region to ENSO and/or NAM evolutions (Fig 8 b-e) . 377
Over the southeastern TP, water vapor convergence increases during ENSO warm phases, 378 accompanied by intensification of the southwesterly moisture supply (Fig. 8b) , and implying 379 convection as water vapor accumulates by pooling oceanic vapor from the south. It diverges during 380 other phases, with the water vapor divergence reaching the maximum during the high NAM period (Fig.  381 8c-e). Correspondingly, 
18
Op during ENSO warm phase shows noticeable depletion, both the slope 382 and intercept of the D-
Op reaches the highest values, and the amount effect appears significant out 383 of all other composite periods (Table 1) . During high NAM phase, otherwise, water vapor strongly 384 diverges over the region, losing moisture to its south. The overwhelming northwesterly moisture supply 385 indicates a transition of the regional climate from a SASM domain to a mid-latitude westerly domain. 386
The northwestern TP is prevailed by westerly moisture supply in average status (Fig 8a) . During 387 ENSO warm phase, there is little change in the water vapor flux and divergence (Fig. 8b) , suggesting 388 little effect of the El Niño occurrences on the water vapor availability and transport to the region. 389
During composite periods other than ENSO warm, otherwise, water vapor flux and divergence to its 390 west shows noticeable variation featuring intensified southwesterly moisture supplies and convergence 391 (Fig. 8c-e) . The intensification of the southwesterly to the northwestern TP is particularly strong during 392 high NAM (Fig. 8d) . This would enhance the water vapor availability to the northwestern TP. 393
Significant cooling of the SST is noticeable in the eastern Atlantic (Fig. 8g) , implying low temperature 394 at the moisture source. Both factors thus jointly contribute to the extremely depleted  18 Op in the 395 northwestern TP during high NAM (Table 2) . transport from the average status shows increase in water vapor divergence over the southeastern TP 398 (Fig. 8c, e) , suggesting the analogous effect of both circulation scenarios on the atmospheric circulation 399 over the region. A detailed investigation reveals slightly weaker increase in divergence and a stronger 400 easterly moisture supply during ENSO cold period (Fig. 8e) . Correspondingly, the negative SST 401
anomalies span a wider range during the ENSO cold period than the low NAM period, covering both 402 the mid-latitude eastern Atlantic and the equatorial IO (Fig. 8f, i) . The resultant lower temperature at 403 respective moisture source region during ENSO cold period thus might be responsible for a lower 404
The comparatively stronger roles of high NAM and/or ENSO warm phases to atmospheric 406 circulation over both TP regions can also be appreciated from corresponding SST field and 407 mid-troposphere wind circulation (equivalent to the surface of the TP), as both phases feature distinct 408 patterns from other periods. During the high NAM phase, the SST features strong cooling in the eastern 409
Atlantic to the north of 5ºN and in the Mediterranean, while warming in the AS and western equatorial 410 IO (Fig. 8g) . The SST contrast thus formed to the immediate south of the TP implies pressure 411 difference, which drives the oceanic water vapor to transport from the south to north. Such a southerly 412 moisture transport, once encountering the prevailing westerly, turns northeastward and contributes to 413 stronger NAM signal than that of tropical forcing in isotopic variation in both regions. Otherwise, the 414
SST during ENSO warm period shows positive anomalies on equal scales in both the northern Atlantic 415 and equatorial IO (Fig. 8h) . This could weaken the temperature gradient between the north and south, 416 and slacken the mid-latitude westerly jet, leaving the southeastern TP to SASM dominance and the 417 northwestern TP to local processes. 418
Conclusions 419
As suggested by output from isotope equipped general circulation models, which perform fairly 420 consistent with our observation data, large-scale atmospheric circulation plays a dominant role in the 421 intra-seasonal variation of  
